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ABSTRACT

This report, the second of a series, presents the numerical methods
used and the results of the computation of the shapes of ax-symmetric free
balloons. Flat-top balloons, re-entrant top balloons and double balloons, all
with zero circumferential stress and zero superpressure at the bottom apex,
are considered. Meridional film loads are presented. An extensive Sigma

Table suitable for balloon design is included for the flat-top balloon with

£ =0(0.05) 1.0.
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1. INTRODUCTION

This report is the second vclume of a series of reports that will examine
the probiem of determining the shape of free balloons. Scientific Report No. 1
in this series (Reference 1) pointed out that balloons are being flown today which
are outside the range of design parameters provided by the University of
Minnesota (Reference 2). Therefore, in Report No. 1, a literature survey
was made and the equations defining the shape of a free balloon were derived.
In the current report, the methods used to calculate balloon shapes are out-
lined. In addition, a variety of balloon shapes are presented. They are
restricted to balloons with zero circumferential stress and zero superpressure.
All results and conclusions are for balloons which are fully infiated, i.e., at
float altitude.

II. NUMERICAL SOLUTION OF EQUATIONS

-

A. Symbecls
Symbol Definition Dirnension
a pressure head at bottom of balloon length
b difference in weight densities of air
and inflation gas force per unit volume
k constant = (Zx)—l/3
P gas pressure across the balloon
material force per unit area
r radial coordinate of a point on balloon,
measured normal to the axis of
symmetry length
t. circumferential stress in balloon
material force per unit length
t meridional stress in balloon material force per unit length
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£ < 13 "

ad

gere coordinate of a point on the bal-
loon, measured in the meridional
direction from the bottom apex

unit weight of ballocn material

height coordinate of a point on bal-
loon, measured parallel to the axis
of symmetry {rom the bottom apex
area of balloon surtace

buoyant force on balloon

vertical load at top apex of balloon

gross lift of balloon = bV

payload suspended at bottom apex
of balloon

balloon total payload
total film load = 2xrt

m
balloon volume

balloon weight

rtm/P
=al/\
=z/

angle between balloon material and
axis of symmetry measured in a meri-
dional plane containing the axis of
symmetry

1/3

(P/v)

r/\

=s/A

t /b ).2
C

/3

wizx/bZ P13 = wiznl/3 /o

-2 -

length

force per unit area

length

length squared
force

force

ferce

force
force
force
length cubed

force
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In Report No. 1, Equations (8) define the shape of a free balloon. They are

- d@jdo = [p(§+a)+kzp ot - ('1/ 7t

o
rt= 1/(2 xcos GU)+f (kEp C'+tp') do
0

where the prime indicates a derivative with respect to g¢. These derivations
were based on the following assumptions:

1} The balloon is assumed to be rotationally symmetric about a
veriical axis.

2) Meridional and circumferential stresses are assumed to be
constant at ail points on the circle lying in 2 plane normal to
the axis of symmetry. This precludes the possitility of shear
in the balioon.

3} The densities of the inflation gas and surrounding air are con-
sant.

4) The balloon material is inextensible, thin, and incapabie of
supporting any bending or compressive loads.

In this report ¥ will be taken as equal to zero at all times.
C. Ealer Method

The simpiest method for the numerical solution of differential equations
iz the Euler Method. This involves making the assumption that for a small
increment in the independent variable the rate of change in the dependent

variable is constant. That is if

dy/dx = {(x)
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Ay= f(x) - Ax.

The smaller the value of Ax the better the approximation. The term {(x) is
evaluated at the beginning of the increment. A solution by this method was
programmed for the Control Data Corporation G-15 computer. This method
is fast but has certain irherent errors. It will always compute a ballooa
which is too large, since there are no inflections in the shape curve. To
improve on its accuracy smaller increments are used. This, of course,
increases computing time and introduces the unknown factor of round-ofi
errors. Since only five digits are output by the computer, round-off error
does become a matter of concern. For these reasons a more sophisticated

solution was used.

D. Runge-Kutta Method

Both the Euler and the Runge-Kutta methods were chosen rather than
finite difference methods because of the ease of starting a solution. Only
initial values are needed. The somewhat higher accuracy obtainable with
finite difference methods cannot justify the additional programming com-
plications. There probably would be no time savings. The main advantage
of finite difference methods is the availability of error estimates. For this
relatively simple problem and with a digital computer, a precise error

estimate is not important.

To apply the Runge-Kutta method to high-speed digital computers, Gill

developed a calculation procedure (Reference 3) wkLich:
"1) requires a minimum number of storage.registers;

2) gives the highest attainable accuracy {i. e., controls the
growth of round-ofif errors);

3) requires comparatively few instructions. "
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y' = f{x, y), then, quoting further from Reference 3,
""The final form of the Gill procedure is then expressed as:
k1 =h f(xo. yo)
Y=Y, 1/2 (kl -2 qo)
qu=q,+3{1/2(; -2q)]-1/2k,
k, = h f(xo + h/2, yl)
v, =¥, + (1 - ¥172) (k, - q))
qa, =q; +3[(1- /T72) (k, - q;)] - {1 - 7I]2} K,

k; = hf(x_ +h/2, y,)

3

Y3=Y2+(1+ ‘1;2) (k3 ‘qz)

q; =g, + 3 [(1+Y172) (k5 - q,} ] - (1 + 7172) k4

ky = hilx +k y,)

Y4 = vy + (176) (k, -2 qy)

qg=a;3 +3 [(1/8) (ky -2q5) 1 - (1/2) k. ™




where x, and ¥, are initial values of xand y, respectively

q, = 0 for the first increment, thereafter

(qo)n+l - (q4)n

and the new values of x and y at the end of the increment are:

x =x +h,
n
Yo=Yy

Applying the foregoing to the problem at hand we have, setting ¥ = 0 and

considering the geometry,

'
@
1

[p (€+G)+k£psin 63/t
tt'=k Z pcos 6
p'=sin @

§’=c039

where the initial conditions are




For application of the Gill procedure to this system of four first-order dif-

ferential equations, the procedure given abovce is slightly modified. The flow

chart in Figure ! explains it best.

manner.

This method calculates the shape of the balloon in a very satisfactory

The coordinates have converged to final values in the fifth signifi-

cant figure, when 20 increments in 0 are used. Table I compares certain

values for several numbers of increments.

Table I. Comparison of Balloon Coordinates for Several
Numbers of Increments
At Lar~e Radius At Top
6 .
o No. of
z (deg) Increments P C Q o 6 (deg)
10 0.64163 | 0.94305 .28451 1.9953 ~-89.984
0 50.155 20 0.64165 | 0.94302 .2842 | 1.9946 -90.013
40 0.64166 | 0.94302 .2841] 1.9946 -90.014
10 1. 9962 1.2645 .5487 | 5.2883 -89.710
1. 84.2 20 1.9961 1.2644 .5483 | 5.2883 -89.709
40 1. 9961 1.2644 .5482 | 5.2883 -89.709

Determination of Volume

and Weight

At the same time that the shape was being calculated, the volume, area,

and weight of the balloon was also being calculated. The first procedure in-

volved calculating the area and volume by conical zones.

these were not converging as rapidly as the coordinates.

iven to gquadrature formulas using several points.
g g

It was found that

Consideration was

While more accurate, they

would introduce programming difficulties tecause both the number of increments

and the relevant length of each increment (&() were variable.

S e e e =~ atolt
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kOJ - p_;-l [(g.j 1-l- &) + k L sin 9j_1]/rtj_1
k.. = sin 8,
i] j-1
kZj = cos 6 1
k3j =k Z ;Jj_l cos 6._1
]
1
j=j+1 i=0
= d - b,
P J(IJ 5 9, J_1)
“‘Tll ¥i; = Vi, g1 H(B9) P
l qu—qz, J—l*3p-cvk1_)
1
I Y
no Isi=_
1yes
20 Isj= 4 YES o Exit
where:
Yoo = % Yoa = i1 by=by=2
Y10 = n Y14 = Danl bp=by =1
Y20 *>an Y24 = Spel cp=cg=9dp=1/2
Y30 = Tty Y35 = Tt ¢, =d, =1 -71]Z
¢y =dy =1 +¥172
(14'-'- 1/’6

Figure 1. Flow Chart of Gill Procedure for Determination of Balison Shape

-8 -




It was decided to investigate the value of the fact that the slope of the
curve was known at the end of each increment. Because of this h

crement could be fitted with a polynomial. It is shown in Appendix I that if
1) A parabola is fitted to each increment,
2) The mid-point ordinate is calculated and

3) Integration is performed by Simpson's Rule then, for a given increment,

A Volume x(Cl - 40) [(py)% + 4(9”2)2 4 ("1)2 1/6

4

;
x(bo Lo, +4 Pz ¥ °1‘/3

A Surface Area

and P

[4(py+ p)) - B0 (sin & -sin 6 )1 /8.

1/2° 0

The terms Py Pp» 90; 91, CC!" and 41 are known values at the beginning
and end of the increment A 0. The following table (Table II) compares volume

and surface area values for several numbers of increments.

Table II. Comparison of Balloon Volumes and Surface Areas
for Severa! Numbers of Increments

Volume
No. of 2 3

z 90 (deg) Increments Al X v/ G/P
10 4.9173 . 99239 1.000G0
0 5¢.155 20 4.9176 . 99838 1. 00000
40 4,9176 . 99987 1.00000

10 39. 845 22.224 22.593

1.0 84.2 20 39,844 22.407 22.592

40 39. 844 22,455 22,592

20 40, 298 22767 22,838

1.0 84.274 50 40. 296 22.822 22 837

100 40, 2G6 22.830 22,837

N ree R Axang




The siriking thing ro be noted in this table is that the surface area has con-
4 4

0 incrementis are used, while the volume has not converged

from G/P where

\Z G/P=W/P+1

(A/22) (E/%) + 1.

The reason for the better convergence of A/XZ is not immediately obvious
except that the integration is done with respect to ¢ which is the directly
incremented variable irn the shape determination. In light of the availability
of a rapidly converging estimate of the volume, it has beea deemed not fruit-

ful to explore other methods of improving V/ 23,
III. RESULTS

Appendix II lists the results of calculations for @ = € = 0 and for
£ =0(0.05) 1.0. Each value of 8., the one unknown initial value and which
is found by trial and error,is accurate to £ 0. 001 degree. Its correctness is
assessed by the approach of the angle at the top to - 90°. A nominal number
of 50 increments were used for all calculations. These results are applicable,
in the strictest sense, only to fully tailored, tapeless, seamless balloons made
throughout from in-elastic, flexible material of uniform weight with all weight,

other than material, concentrated at the bottom. In the practical sense these

may be used in any application where the original Sigma Tables (Reference 2)

- e —

have been successfully used.

Fach table is headed by the ¥ value and 90. The input value 90 is given
only for information purposes. It is not used with cther parts of the tables.
The second and third columns give corresponding radial and height coordinates
for the series of equally spaced points 2long the gore listed in the first column,

i The spacing of the last point, the top ol the balloon, is usually different.) All

- 10 -

——




coordinates are given from the bottom apex. The fourth column gives the
total meridional load in the ballcon material. Stresses are not given since
these results are independent of material thickness or thickness distribution.
At the bottom of each table the resulting surface area, volume, and weight are
listed. All results are in non-dimensional terms. Thus, they are quite gen-
eral--being independent of altitude, payload, inflation gas, or choice of bal-

loon material.

To u=e the tables, Ais determined first from knowledge of the design
altitude and inflation gas, and the payload. An estimate of the raaterial
weigh will then permit calculation of £Z. From the proper Sigma Table, all
physical characteristics are now availatle. A check on maierial stress
should be made from T/P.

The balloon shapes given in the Sigma Tables all have flat tops. This
has been done deliberately. A balloon with a light payload and a heavy top-
end fitting, e.g., weighing 10 percent of the load, will cause the top to re-
enter by only 3 to 4 degrees on a I = 0 balloon, only 1 to 2 degrees on a
Z = (.4 balloon, and even less on larger T balloons. Thus, in many cases,

a flat top is a better approximation than some other value which, of necessity,

will have to be arbitrary.
IV. BALLCONS WITHOUT A FLAT TOP

There are two classes of balloons with zero circumferential stress which

dc not have a flat top.

1) Balloons with part of the load applied at the top. These will be
re-entrant there. A portion of the paylcad may be physically
located at the top, or part of the payload may be supperted by
tension members from the payload to the top.

2) Balloons which have additional lift at the top. These will be

conical there. The additionzl lift would usvally be supplied
by one or more baliocons.

- 11 -




Both of these classes of balloons have been investigated. For balloons
with either payload or additional lift applied at the top and at the axis of
symmetry, the equations and computer program are unchanged. There is
one minor exception: it is convenient to have as an output a term giving the

load at the top,

- _ 1
F/P= - {(T/P) cos 6Top
The minus sign is used so that F/P is positive for balloons rith part of the

payload at the top.
A. Part of the Payload at the Top

These balloon shapes are calculated by entering L/P and an estim-..e of

00 into the computer, such that
(L/P) + (F/P) = 1.

The computation is repeated until a value of 8 0 has been found which yields

F/F to the desired accuracy.

Representative values of 90 for several values of F/P and for 0 8% &}
are shown in Figure 2. It will be noted that 90 is larger than for the corres-

ponding flat-top case. The angle of the re-entrant top is shown in Figure 3.

In the limit, of course, 90 would be 90° {i.e., a flat bottom) for L/P=0
and F/F = 1. Representative shapes of top-lc -ded balloons are shown in
Figure 4. Corresponding meridional film loads are pre:ented in Figure 5.
Comparison with the Sigma Tables in Appendix II will show that for the same
L, a top-loaded balloon will have slightly lower meridional loads. This means
that, for the same payload, a slightly lighter material may be used in a top-

load=d ballioon.

-12 -
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B. Additional Lift at the Top

. e . . . PR DR S, S 1 . v 1y — M
The mvpst!gatmns were confin £ Conisiacraticon o1 aAdupre va1iodns onty.

The methods and eguations are cqually applicable to multiple ballcons.

There are several ways one could design a double balloon. If there is no
gas passage between the two balloons, the upper balloon would be identical to
the zero superpressure balloons given in the Sigma Tables. If there is a gas
passage, the upper balloon then is subject to a superpressure. The upper
balloon in either case has a flat top. The apportionment of load-carrying
capacity between the two balloons can be arbitrary. In addition, the lift
supplied by the upper balloon may be carried by the film of the lower bailoon
or by an axial structural member. After these items have been determined,
the co.nputation of the bottom balloon is accomplished with the same computer
program. The solution is complete when the desired F/P (negative in this case)
has been achieved. Representative values of the initial angle, 90. are shown
in Figure 2. The angle of the conical top on the lower balloon is shown in
Figure 3. Representative shapes of double balloons are presented in Figure 6,

Corresponding meridional film loads are given in Figure 7.

In Figure 8, the shape and meridional film load are presented for a natural-
shape double balloon and compared with a natural-shape single balloon. The
term ''nmatural-shape double balloon' has been chosen because, in such a design,

the top apex angle of the lower balloon is equal to the bottom apex angle of the

wpper balloon. Furthermore, the meridicnal loads and internal pressures are

equal at the adjoining apexes. The upper balloon is simply an extension of the
lower balloon. A gas passage is assumed to exist between the two balloons.
This shape is interesting academically. In practice, a mechanical structure
ar end fitting would be located between the two balloons and cquality of angle,
vressure, and meridional load is not necessary. Meridional loads are some-

what less for double balloons but, for the same £, the weight is higher than

for a single balloon.
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(b) one-half of the net lift supplied by each balloon
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s/

Comparison of the shape and meridional film load
for a single natural-shape and double natural-
shape balloon

(£ =0.2, zero superpressure, zero circum-
ferential stress)
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would not be necessary to ase the same L for both the upper and lower
balloons. A weight savings would be possible if meridional stress were

matched rath.er than Z,

In summary, Figure 9 shows the variation of balicon weight as a func-
tion of F/P. When F/P is negative, the weight given is for a doubie-balloon
system. In this case, IF/P!} is the asortion of lift provided by the upper
balloon. [It should be noted that P is defined as the total payload, not the
paylcad of either single balloon in a two-balloon system. Obviously, P in
this case (as with the flat-top singie cell} is thus equivalent to L, the load
suspended at the nadir of the lower balloon.] Note tkat the flat-top single

cell (F/P = 0) bas minimal weight for any given payload.




v vrereve
ke dErdolonds
il
yogdvaifi4y

1D S ARAE bt Do
Fyve:

: iyt

bl 94 S0 w b & 0
e S aeal As;L
> i

Y
- g
o
bt yod
e
re §

When F/P

"
S
t
i
’
15

so F/P

Teeiaes
e , .f“.‘..
—i5es
LTiTTIL
STPDE S
puiinpr i
DRSS Py

LIrIIo-

o-f-"‘.»‘

.2

——aed 2

= &

- § - +Qeone et b
pavas SOM wfobe ferania ot

-
)
rpSSe-tuiae 9 —jeenn?

Figure 9. Balloon weight as a function of top load for a
range of T values
{Zero superpressure, zero circumferential stress)

- 28 -




"
e

o, ‘b':ﬂlmnﬁ*m« 3 '3.;‘

Pt

B b e

S A

\ %4

General Mills, Inc. Electronics Division. Report no. Z421. Determina-
tion of the shape of a free bz2lloon: Thecretical development, by J. H.
Smalley. Contract AF 19(628)-2783. Scientific Report no. 1 (Aug. 2, 1963).

Minnesota, University. Department of Physics. Research and development
in the field of high altitude plastic balloons. Contract Nonr-710(01). Pro-
gress report, Vol. 9 (Dec. Zz2, 1952 - Dec. 3, 1953).

Romanelli, M. J. Runge-Kurta methods for the solution of ordina~y d:ii-

ferential equations. In Mathematical methods for digitai computers, ed.
by A. Ralston and H. S. Wilf. N. Y., Wiley, 1960. pp. 110-21.

- 29 -




APPENDIX I

DEVELOPMENT OF EXPRESSIONS
FCR
BALLOON AREA AND VOLUME




APPENDIX I

NT CF EXPRESSIONS FOR BALLOON AREA AND VOLUME

{hiring the calculation of Lalloon shapes, the problem of accurately con.-
puting the volume and area presented itself. Since the slope of the shape curve
was known at both ends of each increment, it was decided to fit each increment
with & polynomial and integrate over each increment separately. FProbably the
simplest formula for numerical integration with other than a siraight line 1s
Simpson's Rule. Use of this formula requires at least three equally spaced
points. Thus, a method of determining the ordinate of the midpoint of the

increment was investigated. The equations used are derived below.

If each increment is fitted with a second-degree curve, we may write

AxX +Bx+C

y =

and y'=2Ax + B.

Then, if Y=Y, and y' = y‘1 when x = x; and y = y, and y' = y'o
when x = x4, we have

A= (Yll - y'o)lz(xl - xo)

Now let h=x}L -xo - = .

and x=xo+kh.

Substituting vy =y, {1 -Kk)+ vy (k) ~k{i -k} (y'l - y'g) {h/2).

I-1




For th: midpoint, k = 1/2, so

Yot V)
Yz =z ~B/8 byt - X

Now, making a transformation to balleon coordinates by referring to the sketch

below, the above formula is

ro + rl ) .
Ty T g ~(62/8) [dr/da) - (@r/da) ]
but :
Lz (dr/dz) = Az tan 6 = 4T = AS sin @ »
50
Ty + T, ’ ‘
T2 ° 5—— -(&5/8)(sin 61 - sin 8 )

L}

The terms ro. r . 51, and s are known fromn the shape calculations.

1,

I-2

e O o S r - m—— e - - e e B L Y 'Y
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*
Simpson's Rule for the area under a

X +nh
o

v dx = /3 {yo + t?(yl tygt... +"'n—l}—-} Z(y2 + Vgt oo - +yn_2.\ by

S

Application of the rule here requires care in that the increment h will refer to

one half of the incremasnt of interest.

We finally have

zy )
A Volume ="f r:dz
) )
Q
A
= -j‘{-i] [( 4(1’ ,)2 r\Tr ) }
/2 1
and
Sl: 7
A Area = Z*Vf T ds
s
o

J= N PIEPPREES

The additional term Az is als0o known from the shape calculations. The deriva-

tion of the term T2 has teen shown in this appendix.

This method is useful for computation with a digital computer because there
are no terms which might become very large (even though there may be infinite

slopesj and introcice programming problems due to a possitle overflow.

“Scarborough J B Numerical mathematical analysis. 3rd ed. Baltimore.
Yokns Hopkins Press, 1955. p. 132.
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APPENDIX I

SIGMA TABLES
FOR
2ERQO CIRCUMFERENTIAL STRESS,
ZERO SUPERPRESSURE AND
A FLAT TOP
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s\ v/ z/a /P o
. 5. 5. 1.586557 s = 50.149
SRR B L £ 1T S W R FT 3. 73557 1756057 °
0.07980 3.00126 0.09114 1.56057
0.11970 6.0%187 0.87673 i 1.56G57
f.15960C N.i<246 0.16235 1.96057
0.19950 " ¢.1520¢ §-12804 1.56057
0.22940 0.16344 0.15382 1.56057
3.27950 0.21378 0.17974 1.56057
0.331%29 0.2439% 0.20585 1.56057
#.%5610 5,27307 0.23270 .£6057
0.39900 6.3U360 0.25886 1.56057
R.A3BGE p.3853294 0.28549 1.560857
G.47806 0.36188 0.35:337 1.56857
6.51878 0.39030 0.34136 1.96057
0.55866 p.41812 0.36997 1.56057
0.59850 0.4452¢ 0.39925 1.56057
D.63840 0.47147 0.4293¢ 1.56057
0.67836 0.8967% 0.46018 1.56057
0.7182¢8 0.52084 0.49197 1.256057
0.75810 0.54361 .52473 1.56€057
0.79800 0.56487 0.55849 1.56057
0.83790 0.58438 0.59329 1.560657
0.87789 0.60193 0.62912 1.96057
0.91776 0.61726 0.66595 1.56057
§.95760 5.63013 0.70379% 1.56057
6+96750 0.6%928 0.7€228 1.56057
1.G3749 0.6%746 0.78152 1.56057
1.077306 2,65143 U.82121 1.560587
1.1172¢ 0.651%5¢% 0.86109 1.96057
1.1%710 0.6%894 0.90036 1.56057
1.1970¢0 0,64248 0.94017 1.56057
1.23890 0.0318% 0.97864 1.56957
1.27680 £.61736 1.01588 1.56057
1.31670 0.59940 1.05149 1.56057
1.35860 0.57794 1.0€8510 1.560657
1.3665¢0 0.55323 1.11639 1.56057
1.43640 n,525590 1.14598 1.56057
1.4/630 0.49510 1.170986 1.56057
1.541621 n,40253 1.1939y2 1-58057
155610 3.3<801 1.21359 1.56057
1.%060% 0.39198 1.23092 1.56057
1.63590 1.39&4&5 1.24%11 1.266G57 |
1.67?30 0,81646 1.25662 1.56?’%;_
1.71570 0.2778C 1.268587 1.5% 2
1.75560 9.28836 1.27251 1.56057 A/A S« 4.9163
TTTILYS5ST 5.1v871 1T 47746 1058057 vade 1wy
1.83549p 0.19895 1.28075 1.96057 '
{87530 0.11917 1.28275 1.58057 7
1.61520 g.07%21 1.28378 1.56057
1.955110 0.09932 1.72541¢ i.58057
| _1.90442 | g.06ooY 1.728421 1.56057
s

Zero Circumfersantisal Stress
Zero Superpressure
Flat Top




s/A /2 g/ T/P
G 0. G 1.63274
0.04140 0.03273 0.02536 1.63282
0.06280 0.00544 0.05072 1.63303
0.:2420 0.09814 0.07611 1.63338
0.16560 0.15080 0.1015% 1.63388
0.20700 0.10340 0.12708 1.63452
0.24840 0.19Y589 0.15273 1.63530
0.2r980 0.22825 0.17856 1.63623
0.33120 0.20042 0.20462 1.63732
0.37260 0.29234 0.23099 1.63856
0.44400 0.32395 0.25772 1.63996
0.45540 0.35517 0.28491 1.64153
0.49680 0.38592 0.31262 1.64328
0.53820 0.41610 0.34096 1.64522
0.57960 0.44560 G.37001 1.64735
0.62141 0.47430 0.39985 1.64969
0.662410 0.50204 0.43057 1.6522¢
0.70381 0.5¢866 0.46226 1.65502
0.74520 0.55403 0.49499 1.65804
0.78660 0.57791 0.52880 1.66130
0.828035 0.60009 0.56376 1.66480
0.86940 0.62034 0.59986 1.66856
0.910890 0.65844 0.63709 1.67255
T T0.95220 0.6°408 0.67541 1.67677
0.99360 0.66703 0.71472 1.68119
1.03500 5.6/702 0.75489 1.68579
1.07640 0.68378 0.79572 1.69052
©1.11780 0.68710 0.83697 1.69533
1.1592¢0 0.68677 0.87836 1.706048
- 1.26060 0.68263 0.91954 1.70498
1.24200 0.67460 0.96013 1.71967
1.28340 0.60264 0.99975 1.71418
1.32480 0.69680 1.03793 1.71845
1.36820 0.62720 1.07443 1.72240
1.40760 0.560406 1.10874 1.72600
T 1.44900 0.5778¢ 1.14758 1.72921
1.49040 0.54821 1.169869 1.73200
1.53180 0.51619 1.1959¢ 1.73438
1.57320 0.48191 1.219190 1.73635
1.314670 0.44577 1.23926 TA.73754 |
1.6560G0 0.2U811 1.25643 1.73919
TTTIVR973T 0.369725 127072 1 T 1. 7401% ]
1.738650 0.32953 1.28232 1.74083
1. 78020 0.28%15 1.29143 1.74131
1.821690 0.24833 1.29833 1.74163
| 1.86300 0.20723 130330 BONL S -V
1.90440 0.16597 1.30665 1.74193
— 1.94580 0.12%8¢ 1.30868 1.741%8
1.98720 0.08324 1.30973 1.74200
— 2.02350 T.0%(B% 1. 31911 1.74201
2.07000 0.0004¢ 1.31017 1.74201
2-070%% 0. 00y0T 1-31017 1.782651 |

Zero Circumferential Stress
Zero Superpressure

Flat Top

(o)

9

©
)
(V1]

= 52 232

AL 2. 5 | 2

v/ada 1+ (W/P)

wW/p

0.1458




W e >

shH r/a z/x T/p
30 Go Dt 10717‘7
0.04309 0.03509 0.02509 1.71762
 0.0B618 0.07005 0.05020 1.71807
0.12927 0.10505 0.07534 1.71882
| 0.17236 0.1399¢% 0.10055 1.71987
0.21545 0.17485 0.12587 1.72123
0.25854 6.20960 0.15136 1.72290
0.30163 0.204418 0.17707 1.72489
 0.34472 0.2/854 0.203u8 1.72720
0.38781 0.31261 0.22945 1.72986
0.43090 0.34534 0.25627 1.73287
0.47399 0.357962 0.28363 1.73625
0.51708 0.41237 0.31154 1.74063
0.56017 0.44448 0.34037 1.74422
| 0.60326 0.47582 0.36994 1.74885
0.64635 0.50626 0.40044 1.75395
0.68944 0.55564 0.43196 1.75955
0.73253 0.56377 0.46459 1.76566
0.77562 0.59047 0.49841 1.77230
0.81871 0.6.55¢ 0.53346 1.77951
0.86180 6.65669 0.56979 1.78727
0.90489 0.65971 0.60739 1.79558
6.94798 0.67833 0.64624 1.80443
0.96107 0.569427 0.68627 1.81379
1.03416 g.70725 0.72735 1.82360
1.07725 0.71699 0.76931 1.83378
1.12034 0.72324 0.561193 1.84423
1.16343 0.7¢577 0.85493 1.85484
1.20652 0.72440 0.89799 1.86548
1.24961 0.71900 0.94072 1.87599
1.29270 0.70951 0.98273 1.88621
1.33579% 0.69593 1.02361% 1.89599
1.37888 0.67834 1.06293 1.90520
1.42197 0.65692 1.10030 1.91370
1.46506 0.651990 1.13535 1.92149
1.5081i5% 0.60356 1.16779 1.92823
1.55124 0.57225 1.19737 1.93445
1.590433 0.53834 1.22394 1.93918
1.63742 0.50221 1.24740 1.94334
T 1.68051 0.4642% 1.26774 1.94669
| 1.72360 0.42479 1.28505 1.94931
1.76689 0. 35418 1. 29543 195130
1.80978 0.54271 1.31109 1.95275
1.85287 0.300&1 1.32025 1.95375
1.8959% 0.25808 1.32718 1.95441
1.93905 0.21528 T 1.33216 1.95482
1.98214 0.17233 1.33551 1.95504
- 2.0252% | 0.1292Y 1.33755 1.95515
2.06832 0.08621 1.3385%9 1.95549
2.11141 n.04312 1.3%a¢08 1.955¢9
2.15450 0.00003 1.33904 1.95520
2.15453 1 0.,00000 | 1.33904 | 1.95520

Zero Circumfersntial Stress
Zero Superpressure

Flat Top

I =~ 0.10
o, = 54.391

2

A/A" = 5 9142
v/a3 a1 wrm
W/P = 0.3205




s/x r/a z/2 T/p
. 0. 3 1.81741
0.04496 0.03754 0.02474 1.81765
0.06992 0.07507 0.04950 1.,81836
T 0.13488 0.11256 0.07432 1.81955
0.17984 0.14999 0.09923 1.82122
0.22480 0,16732 0.12428 1.82338
0.26976 0.2245% 0.1495%4 1.82604
0.31472 0.20151 0.17509 1.82921
0.35968 0,29826 0.20099 1.83291
0.404564 0.33468 0.22734 1.837¢7
0.44960 0.37071 0.25424 1.84202
0.49456 0.40624 0.28179 1.84749
0.53952 0.44147 G.31010 1.85362
0.58448 0.47/537 0.33927 1.36045
0.62944 p.50872 0.38942 1.86803
0.67440 0.54406 0.408060 1.87640
0.71936 0.57221 0.43308 1.88542
0.76432 0.50497 .46877 1.89573
0.80928 0.65013 0.50181 1.90676
0.85424 0.62645 §.53826 1.91874
0.94418 0.70252 0.61561 1.945%¢6
G.989172 0./2471 0.65606 1.96035
1.03408 0.73794 0.69798 1.97598
1.07904 0.75092 0.7440% 1.99235
1.1246¢C 0.76035 0.78495 2.00932
1.16896 0.7660%5 0.82954 2.02670
1.21392 0.76773 0.57445 2.04430
1.25888 0.76525 0.91933 2.06188
1.3038¢4 0.75850 0.96376 2.07918
1.34880 §.74745 1.00732 2.09594
1.39376 0./73216 1.04958 2.11192
1.43872 0.71273 1.09011 2.12688
1.4836¢ 0.08937 1.12850 2.14064
1.528664 0.66236 1.16442 2.15304
1.57360 0.03200 1.19756 2.16401
1.6185¢ 0.59867 1.22771 2.17349
1.66352 0.50275 1.25472 2.18151
1.70848 0.52463 1.27853 2.18813
1.75344 D.40468 1.29914 2.19345
1.749840 0.4932b 1.331665 2.19760
1.34336 0.40y7> 1.3311% 2.20074
1.88832 0.357306 1.3629¢6 2.203¢02
1.913¢8 0.31I337 1.35220 2.20461
1.97824 0.208%96 1.35918 2.20565
7.02320 §.224238 — | 1.38420 2.2062%
2.06816 9.17945 1.36757 2.20664
2.11312 0.1345¢% T T1.36961 2.20681
2.15808 0.38659 1.87066 2.20687
220308 0.CH&E3 1.37105 2.20688
2.24767 0.0000C 1.37110 2.20688

Zero Circumferential Stress
Zero Superpressure
Flat Top

L

o
o

= 0. .:5

= 56.617

A/A2 . 65278
v/ade 1 (W/P)

W/E

= 0.5306




= =/ 2/ T/P

0. 8. g. 1.935¢4
6.04701 J.0%0ce 0.02430 1.93548
0.09402 N.08B347 U.ua862 1.93648

[ 5141037 0.120€5 0730 1.53815
8.18804 £.10076 D.09704 1.94050
3.23505 0.20075 G.12225 1.9434
0.28200 0.24058 G.14722 1.94729
5.32907 0.26019 0.17254 1.95178
P.37608 p.3195¢ G.19830 1.95705
0.47309 | 0.305848 T T 0.ézseb60 1.96312
0.47010 G.39¢£0¢ 0.25156 1.97086
8.51711 D.33495 T0.27930 1.97792
0.56412 0.4/7229 0.30793 1.98576
0.81113 0.50871 6.33758 1.99667
0.65814 |  p.54423 | N.36BS6 | 2.00771
06.70515 "0.57862 ] T 0.40041 2.01997
n.75216 0.61169 G.43342 2.03352
TTTR.79917 | Tp.e9121 T 0.46B65 | T 2.u4B42
0.84618 0.67255 0.58509 2.06474
5.89319 0./0064 0.54307 2.08251
0.94020 2.74600 £.58245 2.10.75
T Tg.98721 0.74873 §.62378 T 2.12241
1.03422 0.75852 0.66641 2.14444
T 7 71.08123 0.76507 "7 T6.71090 2.16772
1.12824 0.77896 v.75557 2.192¢¢
1.17525 0.680722 0.80166 2.21729
1.22226 0.8122y | 0.84838 2.24306
T1.26927 0.81308 7 (.89537 2.26508
1.31628 0.8U0g4« 0.94222 2.29497
T T 1.36329 0.80129Y J.98850 2.32037
1.41039 0.7886« 1.03375 2.34488
1.45731 £.77156 1.07753 2.36815
1.50432 0.75923 1-1194¢ 2.38986
TT1.55113 0.7<4858 "1 15897 2.40074
1.50834 0.69530 1.19588 2.42761
1.64535 0.6833& | T1.22985% 2.44335
1.69236 0.6278% 1.26071 2.45693
1.73937 0.55084 1.28830 2.46638
1.75635% 0.54960 1.31258 2.47781
1.83339 9.50756 | 1.33358 T T2.48537
1.88040 0.46406 1.35139 2.49128

1.97741 0.9104&5 T1.36617 2.49573
1.97442 0.37399 1.37814 2.49897
2.07143 0.32¢793 1.38753 2.50122
2.06844 0.c8%147 1.39462 2.50270

T OTP.4154% T T UR.I3Ia7ET T 1039973 T T 350360
2.16246 0.1b6786 1.40316 2.50410
2.20947 ] T p.1%g89 i.40524 T 2.50434
2.25648 0.0%39u 1.40631 2.50442
2.30349 0.0%968% 1.40671 2.50444
2.35038 6.0UQ0Y 1.40676 2.50445

Zero Circunferential Stress

Zero Superpressure
¥lst Top

3

o

Y%

= 0.20

= 58.885

= 7.2517

virde 1y (W/P)

W/pP

= 0.7838




/A r/x £/ T/p
0. . 0. 2.07450
0.04928 0.04317 0.02376 2.07494
0.09856 0.0b6632 0.04756 2.07525
" 0.14784 0.12542 U.071%6 2.07844
0.16712 0.17243 6.09551 2.08153
0.24640 0.21531 8.11960 2.08554
0.29568 0.29809 0.14442 2.090%0
0.34496 0.50045 0.16946 2.09645
0.30424 0.34257 0.19504 2.10346
0.44352 0.36428 0.22128 2.11158
0.49280 0.42549 0.24830 2.12090
0.54208 5.46609 0.27623 2.13150
0.5¢136 0.50593 0.33523 2.143590
0.64064 0.5448Y G.33541 2.15701
0.6R8992 0.58277 0.36692 2.17214
0.73920 6.61949 0.399588 Z2.18901
0.78848 0.69455 0.43441 2.20774
0.83776 0.68799 U.47061 2.22843
0.88704 §6.71544 0.50854 2.25117
0.93632 0.74361 0.54525 2.27599
0.98560 0.77520 0.58973 2.39290
1.03X488 n.7y888 0.632%94 2.3318%
1.08416 0.81931 0.67777 2.36275
1.12344 0.89616 0.72406 2.3953¢
1.18272 0.84917 0.77158 2.42949
1.23200 0.85799 t.82004 2.46472
1.28128 0.86241 0.86911 2.50066
1.33056 0.86223 0.91837 2.53684
1.37984 0.685734 6.96739 2.57273
T TT1.42912 0.84766 1.01569 2.60780
1.47840 0.83331 1.06281 2.64153
1.52758 0.81434 1.10827 2.67343
1.57696 0.79097 1.15163 2.79308
1.62624 0.7634b 1.19251 2.73613
1.67552 0,735218 1.23055 2.75437
1.72480 0.69746 1.26550 2.77565
1.77408 0.69972 1.29716 2.79395
1.82330 0.61937 1.32542 2.80936
1.87254 0.57682 1.35026 2.82202
TTT1.99192 0.53247 1.37172 2.83216
1.97120 0.48668 1.38990 2.84106
7.02045 0.43977 1.40458 2.84602
2.06976 0-39208 1.41717 2.85034
2.11904 0.34367 1.42674 2.85335
2.16832 01.27495 1.43396 2.85532
T 2.21750 0.2%595 1.4391i5 2.856%¢
2.2668¢& 0.19679Y 1.44264 2.85748
T 2.3161¢6 0.1%756 1744476 2.85750
2.36544 0.09R29 1.44584 2.85761
7.41472 0.03501 1.34874 2.85764
2.48373 0.06000 1.44629 2.45784

Zero Circumferenticl Stress

Zero Superpressure

Flat Top

z
e
o

= 0.25

= §1.181

A/X 2. 8. 1431

v/a3de 11 (w/p)

Ww/P

= 1.0897




e r/a z/a /P
U840 09000 .00506 2.23863
.U5175% 04830 02313 2.23918
.103852 092538 04631 2.24082
.15323 .13880 . 08962 2.24358
°‘0,0{ — ‘EBQEZH - “.-:09312. —_ . 2124?*2.
.2538¢ .23088 11692 2.2%25¢
081056 _ I .47663 +14113 2.2%580
.$6¢32 32211 .16583 2.26536
. 414048 . _e36723 -19119 2.27%29
.4658¢ 41190 .21734 2.28%790

1!60 '45601 02‘4‘1 2029771
56935 499458 . 27257 2.31145
.02112 54205 .30196 2.32709
L07¢Es « 58386 .33273 2.34479
/24884 «52410 36504 - 2.35473
7754y 06314 .39902 2.38708
52918 /70054 . 43479 2.41201
L7992 73603 - 47245 2.43965
»¥3168 | «75933 +51208 2:.47013
YT Y +80009 .55369 2.50350

1.u3%20 _ | _ _.v2880  ]._ .59727 2.5397¢ |
1.u8898 .8527¢5 64274 2.57%81
1.13372 .+ 87383 L _.58898 2.62048
1.19048 +89105 73877 2.66443
1.24224 | 90408 _ ; _ .28884_  _}__2.,71042
1.¢9600 .91252 .839590 2.75780
1.345%7s 1 .91625 _} ___ .8915%. ] _2.83802 |
1.35752 91507 .94323 2.85443
1.447925 »90888 _ . 299480 | _2.9023¢C
1.50104 «89767 1.04%1¢ 2.94893
1,>528¢ 88151 1.09426 2.99362
1.6045% 86357 1.14157 3.03574
1.65832 .33%08 1.18660 3.57475
1.70308 80835 1.22894 3.11025
1.7578¢ 77173 1.26827 3.14195
1.51169 73483 1.35433 3.18972
1,86335 169446 1.33695 3.19355
1.91312 + 55166 1.36603 3.21358
1.96888 «60665 1.39156 3.22998
2.G186¢ 55982 1.41359 3.24312
2.07343 v 51155 1.43224 3.2%335
2.1221s 46216 1.447790 3.26105
2.17392 141194 1.48020 3.266064
2.22368 36113 1.4790% 3.27653
2.2774¢ 309990 1.47742 3.27307
2.32928 25842 1.48273 3.27463
2.583958 120879 1.48831 3.27548
2.43272 «155p7 1.48848 3.27589
2.456¢45 120333 1.48960 _ | 3.27604
2.53524 JUS157 1.4%9001 3.27508
2.58178: +U0g0D0 1.490807 3.27808 .

Zero Circumferential Stress
Zero Superpresgure
Flat Top

]

4

(]
W
)

= 63468

2
= 8.9719

v/323 = 14 (w/p)

= 1.4586




s r/a z/a /P
.00000 00000 «006000 2.43238
05447 «J4985 «N22490 2.43304
10894 09927 . 04488 2.43%03
«1634% «14882 -.08750 2.43838
.2178% .19825 _} _ ,09p038 ] 2,44311
.27235 +2475% .11361 2.44929
,32682 « 29455 + 13527233 2.48698
. 98429 . 34828 <16167 2.46629
., 43576 199361 _.18829 2.4273%
. 49923 « 84145 .21283 2.49032

 _ _.54470 — 248868 1 @ ,23996 1 _ _ 2.53536
«239917 93816 «26835 2.52269
05364 «O8074 d— _a2%p18 |  _2.54254
./ﬂ311 062522 032961 ?056513

| 76253 66840 ] . 36280 __ ] _2.59073
.81705 72004 . 39791 2.61958
JB87852 __§ .__ 174987 .+ 43508 . 2.65191
92399 + 78759 47434 2.68792

. .98Des 1 @ ,B2287 251883 2.7227%

1.93493 +8583¢6 ~-55954 2.77348
_.1.08940 216846 ] .50542 2.813907
1.14387 91049 -65338 2.87040
~1.19434 : 93237 _. 70324 __ .2.92818
1.25¢81 94608 .75477 2.98300
| 3.30728 96299 .. «BDZ268 __ | _ _ 3.04330
1.386175 97112 84149 3.10537
| . 1.41%22 97414 91585 _ | _ _3.16842
1.47069 97192 97025 3.23153
1.525815. ] . _:Y6438 1.02418 2.29378
1.527963 «95454 1.077209 J.35422
. 31,6360 _ . 93352 1.12847 J.41196
1.08357 «Y105%2 1.17782 J.46621
| 1.74304_ 88281 1.22469 3.51632
1.79751 +85072 1.26867 3.54479
1.854§98 — 281464 1.30946 i,60229
1.90845 «77%00 $.34680 J.-563768
_L95n9_2__ - - . !23225_ - 1038052 3:66799
2.01339 68682 1.41054 3.69340
Q,U6986 _} @ 03915 _ ! 1 4387 3.71423
2.12433 « 569685 i.45258 3.73088
2.23327 «68661 1.4947% 3.78356
2.4B774 3 .. +43369 _ _} 3.50757 3.76063
2.34221 «58017 1.517%6 3.76553
. R.59%08 I 382824 . . 1.52528 3.76875
2.45115 227245 1.53p76 3.7707¢
2.59562 - ,12.1??.3 - 10-534‘4 3.77180
2.56309 «15328 1.53667 J.77231
2.5145% _»10883 J 1.537832 _ ) 3.77250
2.06903 « 15436 1.53824 3.772%5
207.2_339 -UUDQO - { J._LS}H_:’IG, 3‘]7255_ 4

Zero Circuxferentisl Stress
Zero Superpressure
Flat Top

z = 0.35
Gb = 65.725

A/A 2. 10.036

v/2a3 . 1+ (W/P)

W/P « 1.9035




8/x x/% z/x T/p

0. 0. 0. 2.66005
0.05751 D.0082¢8 0.02163 2.66083
0.11500 0.10572 0.04385 2.86320

- 9.17250 0.15668 TTTPL06525 - IYY S X AR

0.2300 0.2127 6.08746 | 2.67280
- 0.28756 0.26557 0.130117 1 ~ 2.6801¢S
0.34500 0.31817 0.13335 2.08943
0.40250 0.37043 0.15733 2.70068

C.4600u |  G.4226 | 0.18222 . R.71442 |
6.51750 0.47355% 0.20820 2.7299R
0.57500 0.52418 0.23546 _2.74833
0.63250 6.57398 0.26420 2.77001
0.69000 0.62278 0.29459 2.79480
0.74750 0.6/039 0.32684 2.82321
0.80500 0.71859 | p.36111 2.85560
£.8625%4 0.761061 U.39757 2.89230
0.920600 $.80345 G.43655 2.95364
T 8.97750 T 9.84356 0.47754 T T2.97987
1.63500 0.88065 U.52121 3.03118
1.698250 0.91524 0.56735 3.08764
1.15000 0.v4404 0.61589 3.14920
- .20750 0.9729¢ 0.66670 3.21563
1.2650¢C 9.%9550 §.71656 3.28652
X 1.32250 1.6133% G./74%9 3.36129
1.38000 1.02627 1.83021 3.43913
1.43750 1.03385 C.88718 3.51910
1.49500 1..03593 0.94467 3.60010
T {55250 1703239 T 1.00199 3.68094
1.81000 1.02319 \ 1.05873 3.76040
T 1.66750 1.008470 ! 1.11427 3.83728
1.72560 0.98817 1.16806 3.91047
1.78250 0.96273 1.21961 3.97898
1.84000 0.93241 1.26843 4.64203
TTT1L.89750 T | T 0.89757 1391415 4.09%04
1.95599 0.85864 1.35644 4.14965
2.01250 0.8Y607 "1 T1.39506 4§.19374
2.07009 n.77033 1.42968 4.23138
2:.12750 0.72187 138781 4.26284
L 2.185090 6.57116 1,48788 4.28855

- V3-1y 0.GI86% 151718 777 &.39%04
2.36000 0.56459 1.53086 4.32492

T TPVIRT5T 6.50%45 TLSATISTTTT 4 33684
2.41500 0.49347 1.56(G24 4,34546
T2 4&7esTN 0. 39800 157350 §. 35142
2.%53000 0.395992 L 1.57821 4,35531

FBR7SE T T 0. eE2EY T U O 1L.EBI7E (T 4735766
2.484500 0.22531 1.58743 4.35895

2176256’“‘1*_‘5.16785 T 1.58%44 | T 4.35955
2.76000 ! 6.11037 1.59076 2.35977
2.81750 ) 0. 5287 1.59116 "3.35582
2.87037 0.09¢00 1.59121 4.35982

Zero Circumfersntial Stress
Zero Supex pressure
Flat Top

r = 0.40
6 = 67.918
©
A/x 2. 11,247
973 e 14 (W/E
WP = 2.4380




3 i s/ r/x z/\ T/P £ = 0.45
0. 0. U. 2.92747 1 @ = 70.024
18 0. 05058 PUEILR 0. 02071 2.92608
0-32318 6.11382 0.04153 _.53089
T 0.1AL/4 0.17963 0.06258 2.93539
D.24232 0.22729 0.08399 2.94192
9.30290 0.26376 0.10593 2.95052
0.36348 0.35996 0.12855 2.96133
0.42406 0.59580 C.15204 2.9748%8
_D.4B4c4 0.,45118 0.17659 2.99052
D.54522 0.50599 0.20240 3.00946
D.6n580 0.96007 0.22968 3,03176
0.64638 0.01326 0.25865 3.05781
D.225%6 0.66540 0.26951 3.08806
C.78754 0.71623 0.352246 3.12296
N.84812 0.7054Y 0.35771 3.16300
T 9.90870 I 0.812900 0.39541 3.20862
0.94928 0.62811 0.43572 3.26025
T T1.02988 0.9J077 0.47872 3.31822
1.00044 0.9%047 0.52447 3.38278
1.15102 0.97678 0.57294 3.45402
1.21160 1.00926 0.62404 3.53181
T 1.27218 1,03753 0.67761 3.615868
1.33276 1.06111 0.73340 3.70589
1.30334 1.0796872 0.79106 3.50020
1.45392 1.09274 0.85018 3.89864
1.51450 1.10¢018 0.91028 3.99968
1.%7508 1.1U176 0.97081 4.10182
1.6%566 1,057%7 1.03121 4,20362
| 1.69624 1.05700 1.09087 4,30351
1.75682 1.0707% 1.14920 4.3999%9%
1.81740 1.0488¢ 1.20564 4.49168
1.87798 1.00141 1.25965% 4.57739
1.93856 0.9589¢ 1.31076 4.65646
[T 97914 0.9217% 1.35859 4.72731
2.0%972 0.91040 1.40280 4,79042
2.1203% 0.86528 1.44316 4,84538
2.1A088 0.41684 1.47954 4.89230
2.2414% 0.70868¢ 1.51187 4,931%55
2.30204 0.71208 1.54017 4.986361
N IR1Y1Y 0.65663 {.3%455 4.98920
2.42320 0.59967 1.58515 5.00906
T TEVREITE 6.591586 1.80221 " 5.0¢404
2.54436 o.4§§57 1.6159¢ 5.0348¢4
2. 8074 0.392297 1.8287% 5.042%8 | 2
= 2.66552 0,36294 1.03495 5.04728 A% "= 12,621
CTTEUTEELY 0.30Z85 - L8817 5005089 1 v/a3 . 1y rwsm
v/ P) 2.78668 0.24220 1.64474 5.051%% T
o 2. 84728 0. 15187 TITEAYTS 5052331 WP = 3,0778
2.9n784 0.12110 1.64836 5.05302
 C.URBAC C.0003¢ 1.64881 T 5.05309
3.02894 0.06000 1.84887 5.05310

Zero Circumfersntisl Strees
Zaro Supsrpressure
Flat Top




s/ z/x /P
9. 1  o. 1 0. 3.23811
0.06400 €.06086 | 0.01979 | 3.,23913
0.12800 0.12169 5.03970  3.24223
0-15200 0.18242 0.05989 3,24746
0.25600 0.24301 0.08051 3.25493
0.32000 0 0.303386 | 0.103175 3.26482
0.33400 0.56346 0.123/9 3.27734
0.44800 0.42317 0.14634 3.29278
0.51200 0.48238 0.17111 3.31151
0.57600 0.54098 0.19684 3.33394
0.64000 G.57881 0.22425 2.36055
0.70400 0.65569 £.25359 3.39190
0.76800 N.71140 0.28508 3.42857
0.83200 n.76570 0.31895% 3.47118
0.89600 0.81829 0.35540 3.52036
0.96000 0.86886 0.39462 3.57672
1.02400 0.91702 0.43675 3.64081
1.08800 0.95237 0.48189 3.71306
1.15200 1.00448 0.53007 3.79377
1.21600 1.04287 C.58126 3.88302
1.28000 1.07709 0.63582 3.98063
1.34400 1.10666 0.69206 4,08615
1.40800 1.15114 0.75117 4.19880
1.47200 1.15012 0,81227 4.31750
1.53600 1.16327 0.87427 4,44085
1.60000 1.1/032 0.93846 4.56721
1.66400 1.17149 1.00243 4.69477
1.72800 1.1655%0 1.06616 4.82158
1.79200 1.123%8 1.12901 4.94572
1.85600 1.13545 1.19036 5.06532
1.92000 1.11134 1.24962 5.17871
1.98400 1.08154 1.30623 5.,28445
2.04000 1.09645 1.35973 5.38140
2.12200 1.00652 1.40970 5.46879
2.17600 0.96218 1.45583 5.54615
2.24000 0.91397 1.49790 5.61339
2.30400 0.30240 1.53577 5.867069
2.35800 0.80796 1.56939 5.71854
2. 43200 0.75113 ERS-LIXA] 5.75760
2.4960¢ 0.09235 1.62409 5.78873
2.56000 0.63204 1.64546 5.81286
2.62400 0.5/054 1.66313 5.83098
2.63800 0.50815 1.6773% 5.84411
2.75200 0.44514 1.68856 5.85320
2.81600 0.38170 1.57,698 5.8591%
2.88000 9.321799 1.70303 5.86277
Z2.94400 0.4°412 1.76708 5.86476
3.00800 0.19017 1.70953 5.86570
3.07¢90 0.12618 1.71078 5,86605
3.13600 0.06219 1.71124 5.86613
I.1981V 0.00000 171130 5.86613

Zero Circumferential Stress

Zero Superpressure

Flat Top

0.50

72.012

i4.165
1+ (W/P)
3.838¢




P)

s/\ r/n z/2 T/P
0. 0. 0. 3.59883
0.06756 rLu533% UsUl100U 3.99997
0.13512 0.31¢974 0.03775 3.60343
TULTA2E8 1 TT0.I9439 1T 6.05702 1 3.5092%
0.27024 0,25909 0.07680 3.61769
TT6.33780 0. S2347 009729 T3.62888
0.40536 n.,58754 v.11871 3764315
0.47292 0.4512¢ U.14128 J.63085
0.54048 0.51438 0.16525 3.68259
0.60804 0.57689 | U.19087 3.70879
N.67560 0,c3859 J.21840 3.74914
0.74316 | T 0.69927 Tu.24810 VT 3.77737
0.81072 0.79870 U.28022 3.82126
C.87828 0.81660 0.31501 3.87260
0.94584 0.8/267 U.35269 3.93224
1.01340 T0.52656 0.39335 | 4.00095
1.08096 0.9/780 0.43744 4.67945
T73.1485%2 T ] T T 1.02600 ] 0.48476 4.16528
1.21608 1.07067 0.53542 4.26781
1.28364 1.11130 0.56938 4.%7810
1.35120 1.14739 0.64646 4.49890
"1.4187¢ 1.17444 U 70644 T | 4.82958
1.48632 1.20369 H.76896 4,76911
1.55388 1.22362 | 0.83358 T 4.91607
1.62144 1.23698 0.89978 5.06867
1.6RS00 1.29381 0.965696 5.22481
1.75656 1.24395 1.03450 5.38220
1.87412 1.23735 1.10170 ° | 5.53842
1.891¢68 1.22405 1.16791 5.69109
1.95924 1.20¢22 ~ 1 1.23247 | 5.83795
2.02680 1.178190 1.29475 5.97694
2.09436 1.13604 1.85419 ~ €.10637
2.16192 1.10646€ 1.41030 6.22489
2.22948 1.06582 T 1.457267 6§.3315¢
2.29704 1.5186¢ 1.51098 6.42595
2.34450 §.90741 T 1.58%4h2 | T 6.50789
2.43216 0.91271 1.59463 6.57770
2-4997¢ 0.85504 1.627580 6§.63596
2.56728 C.79490 1.66055 6.68252
2.63484 0.73275 1.68701 1 “6.72142
2.702480 0.66601 1.70946 6.75080
2.76996 0.60403 ” ;7?786 1 6.771289
2.83752 0.59816 74279 6.788%
2.90508 0.47163 1.75449 £.80000
2.57264 0.40465 1.76333 ¢.80728
T3.04020 | 0.3373% 1.76968 4.81171
J.10776 0.2695/ 1.77394 6.81416
3.17532 | 0p.202a46 1.77653 6.81532
3.24268 0.15492 1.77786 5.81575
3.3:044 0.05673% 1.77835 h.81585
3.3778¢ 0.0ugo00 1.77843 5.81586

Zero Circumferential Stress
Zero Superpressure

¥lat Top

e
o

%

0. 55

73.867

15. 890

v/a3 = 14+ (W/P)

w/P

4. 7363




e/s r/ z/\ 7/P
0. 0. 0. 4.01507
G.9715% 0.060906 0.061750 4.01632
0.14266 0.19812 0.03577 4,02013
0.21402 0.20706 U.u541%2 4.N02661
0.2R536 n.27584 D.u7306 4.03596
0.35870 i 0.34240 0.09240 4.04848
0.42804 0.41268 U-11361 4.06459
0.49938 0.4804¢C 0.13573 4.08476
0.57072 | 0.54774 0.15943 ~ 4,10%870
0.64206 N.61434 0.18499 4.14506
0.71340 g.00€cc |  0.2126% | 4.17672
0.7R474 6.74474 0.24282 4,22061
6.85608 0.60807 0.27566 4.27274
0.972742 0.86976 0.321147 4,534106
0.99876 0.52947 0.35049 4.40563
1.07810 1 " 0.98680 | 0.39293 4.48906
1.143144 1.04130 0.43894 4,58444
1.21278 | 1.B8%92497 | T 0.48861 4.69276
1.28412 1.15684 0.54195 4.81446
1.35546 1.18281 D.59887 4.54958
1.4268¢ 1.22085 0.65919 5.09777
1.49814 1.22345 0.72263 5.25817
1.56948 1,28910 0.78877 5.42944
1.64082 1.30038 0.85714 5.60974
1.71216 1.3139% U.92715 5.79679
1.78350 1.32059 0.99816 5.,98796
~1.85484 1.82600 | 1.06946 6.18039
1.92618 1.31231 1.14036 6.37111
1.99752 1,29754 ~1.21012 6.55719
2.U6886 1.2758%0 1.27807 6.73589
2.14020 1.24765 1.34355 6.90476
2.21154 1.21319 1.405948 7.06178
2.28258 1.17295 1.46486 7.20537
T 2.35422 | 1.12744 T 1.51976 7.33448
2.42556 1.67720 1.57038 7.44854
2.4969¢0 1.02278 1 1.61648 7.5475¢C
2.56824 6.96474 1.65793 7.63173
2.63958 0.903693 1.69471 7.70199
2.710652 0.835996 1.72686 7.75931
2.78226 0.77422 {75851 | 7.80497
2.85360 0.70682 1.77787 7.84037
- FY 52 0.69816 [ 1.79720 1 T 7.BK697
2.99628 0.56R56 1.81281 7.88625
Y. 06752 0.39828 1.82503 7.89%62
3.13890¢ 0.42754 1.83426 7.90838
TTTILZI030 0.35651 1T ILVBE0YD T [ T 7 9IdTe
3.28164 0.2853¢ 1.84536 7.91667
I 35298 TTTH.Z1403 1 1.BEBY7 T 7. 9iB07
3.42432 0.14270 1.84946 7.91859
3. 335558 0.07137 T.849938 7.9187/1
3.56700 0.00003 1.85005 7.91872
3.56703 ~ 1T ~p.00000 1.35075 S 7.91872 ]

Zero Circumferential Stress
Zero Superpressure
Flat Top

L = 0.60

e = 75.578
)

a/2 %« 17.806

v/a3 < 14+ (W/iP)

W/P = 5.7398




/) r/x z/x T/P
D0y <U3500 +GUGUE 3.4521i%F
L7330 +U7340 01450 $.4§355
.1506¢ 14476 . 03380 4,4977Q
. 22390 22001 05123 4.50478
803290 . 29311 06932 4.51507
37859 365945 +38834 4,52894%
4518y 43850 10855 4,54697
5271y «91p61 .13024 4.56%77
.6024y 28216 «15370 4.,50816
67770 «65299 .17923 4.63310
/5300 0 /2292 .20716 4.67566
.823830u 79170 .23778 4,72703
.9Y03€0 «85907 27141 4,78851
.9739y 92469 .30832 4,.86143

1.U5420 »98818 + 34879 4,94715
1.125%5%0 1.04911 36342 5.04692
1.208¢80 1,10698 44116 5.16187
1.4801¢ 1.16127 +49332 5.29286
1.$524y l,21141 .54947 5.44038
1.43370 1,25482 «60951 5.50447
1.50500 1,29498 67323 5.78462
1.58130 1.53111 74028 5.97971
1.0556(0 1.95892 .81p22 6.18803
1.73190 1.97990 «BB251 6.40722
1.%072¢0 1.59349 «95651 6.63443
1.98250 i.,40005 1.03150 6.86641
1.9578¢ 1.39884 1.10676 7.09961
2.u331y 1.59006 1.18152 7.33042
2.1084¢p 1.97380 1.25501% 7.55530
2.1837¢ 1.95p030 1.32651 7.77096
2.45%00 b _1s91987 1.395836 7.97449
2.5343p 1.48292 1.46(5G4 8.16347
2.80960 i 1,2399¢ 1.52273 8.33609
2.4849y 1.19146 1.58031 8.49112
2056020 1!13565 1-63336 8062796
2.535>¢ 1.U8030 1.68164 8.74658
2.71480  }. 1.01878 1.72504 B8.84747
2.78%81¢ 95408 1.76353 8.93156
- 2.884410 . _,8B873 1.79716 9.00015
2.93879 81722 1.824608 9.05475
J.91€¢00 74800 1.85550 9.09707
3.uB873¢ 67347 1.87p71 9.12887
3.46860 | 199992 1.88702 9.15190
3.23790 52877 1.8998¢0 9.16787
S.341320 | +4510% 1.90044 9.17833
3.3885¢ 37612 1.91637 9.18472
3.46380 . .+80097 . 1.92103  _f - 9.18823 .
3.7%910 « 22872 1.92386 9.18990
J.0184y 115044 1,92531 9.19053
3.68970 JU7S14 1.92685 9.19067
3./6484 00000 1.92%893 9.19068

Zero Circumferential Stress
Zero Superpressure

Flat Top

-J
~3

A/A2. 19.916

v/a3 . 14 (W/P)

w/p

7.0155




Q;IX r/a z/x /P
o 0 0 5.036%9
. 09944 07782 .01580 §5.03806
18882 «15589 , 03184 %,042%3
023023 023327 04837 3.0%04°
31764 031077 .06564 5,06141
239709 «38855 08398 5.07667
«39387 054149 «102487 5.12222
+63528 861742 ,14812 5,154
1 7{469 69260 173687 85.19430
ALLY] 76683 20186 8,24337
«8738¢ «83987 23302 5.3031%
099292 91130 26749 5,37%11
1.03283 098106 . 30558 5.46108
1,19{174 1.04846 34754 8,.56268
1,19118 1,11310 . 39365 85,6815
1,29084 117447 , 44403 5,81893
1,34997 1.23198 . 49876 5.97600
1,42938 1.28501 58784 6.15330
1.55879% 1.,332905 .82111 6.35083
1,.%8820 1:37517 68834 6.58679%
1.667614 1.41107 .789¢4 6.80311
1.74702 1.44013 .83301 7.05424
1,82643 1.46188 909328 7.351838
1,90584 1.4759¢ .98747 7.59201
1.,98%2% 1.,48215% 1.06660 7.87112
2.064686 1.48031 1,14596 8.15141
2.14407 1.47045 1.22472 8.428%%
2,22348 1.45%5273 1.38209 8.60818
2.35289 1,42737 1.37732 8.95648
2,3823) 1,3947% 1.44967 9.19998
2,4617% 1,33529 1.548%% 9.4258¢8
2,%4112 1.30983 1.58342 9.63197
2,62083 1.,25803 1,64383 9.81693
2.69994 1.,20139% 1,60945% 9.98006
2,79938% 1.14022 1.7%5008 10.12138
2.88378 1.,075¢4 1,79882 10.2641%%
2.93847 1.,00874 1.,89%82 10.34161
3,017%8 .93588 1,8%10¢ 10.42321
3,00699 86249 1.9b134 10.48817
3,1%640 78702 1,.9z2688 10.538890
3,29%81 271049 1,9¢803 10.57632
3,.3%%22 63204 1,965%40 16.60370
3,480463 58487 1.97847 10.62268
3,49404 475014 1,98887 106.63513
3,59345 « 35684 1,99583 10.64272
3.6528% «31783 2.00070 10.645904
3,7%227 +23823 2.08366 10.64889
3,81168 115883 2.00518 -0.64963
3,89199 « 07942 2,08574 10,64580
3,9%05%0 +00001 2,08%8%2 10.64983
3.970%1¢ ) 2.00582 10,6498%

Zero Circumferentisl Stress

Zero Superpressure

Flat Top

= 78.548

2
AT = 22,227

V/2? = 1 4 (w/p)

W/pP

= 8.4319




s/\ r/a z/> T/p
0. 0. . 5.65359
0.0R370 0.08237 0.014385 5.65516
0.16740 0.16470 0.02996 5.65993
0.25110 0.,<%€E9C 6.04561 T 5.66817
0.33480 0.354898 0.06210 5.68032
 n.43850 0.41080 6.07974 5.69700
0.56220 0.49228 1.09880 5.71908
0.5R590 0.57332 G.11979 5.74760
0.66960 0.65377 0.14290 | 5.78384 |
0.75330 |  6.73344 ] 0.16853 5.82931
0.8370 0.81212 0.19707 _ 5.88568
7 0.92070 0.88053 0.228K7 5.95485
1.00440 0.96536 0.26429 6.03881
1.0R819 1.03921 0.30367 6.13968
1.17180 1.11063 0.34729 6.25951
1.25550 I "1.176910C | 0.39539 6.40026
1.33920 1.24406 0.44815 6.56361
TTTT1.42290 T T 1.3G&487 77 T0.56564 6.75081
1.5n660 1.356087 056781 6.96256
1.50030 1.41140 0.63450 7.19879
1.67400 1.4557b . 70544 7.45860
T 31.75770 1.49339 ¢.78G017 7.74049
1.84140 1.5¢368 0.85817 8.04080
1.92510 1.54616 | 0.93875 8.35683
2.00880 1.56049 1.02118 8.68397
2.09250 1.50642 1.10464 9.01732
2.17620 1.56386 1.18826 9.35172
T 2.25990 1.5%284 | T 1.2/120 9.568192
2.34360 1.93351 1.35260 10.00287
- 2.42730 1.50616 1.43167 16.30%91
2.51100 1.47118 1.50767 10.59961
2.59470 1.42900 1.57996 <0.84686
2.87840 1.38534 1.64798 11.11101
TTR.VTeI0 T T { 1.325€2 171129 “T11.32986
2.84%80 1.26555 1.76953 11.52270
TT2.92835] 1.c0076 TTT1.B228% T T | T 11.689680
3.01320 1.13191 1.87004 11.83136
3.89890 1.0°961 1.91218 11.93937 |
3.13060 0.98445 1.94897 12.04550
Y. 430 0.90&96 T. 9858 1 12.171%% —
3.34800 0.82764 2.0n726 12.18114
SR O 5.5 4 BRI MR VA 7.3 5 SEERL B S ) £ - B0 S B B~ - 11 1. S
3.51540 §.66513 2.04710 12.25771
T $.599110 0.05261 2.06103 12.2799%96
3.68280 0,4%957 2.07153 12.29452
J.76650 | T §.41822 1T TZ2.07%086 1 1Z2.3033F
3.85020 0.33267 2.08411 12.30825
TOOIeIIF0 T O[LFERSOS T ZLYB7I7T 0T 12.3i656
4.03750 0.16534 2.088F3 12.31140
«.10130 0.08185 2-03930 12.311%0
4.1R295 £.00000 2.06938 12.31161

Zero Circumferential Stress
Zero Superpressure
Flat Top

£ = 0.75
e, = 79.812
A2 2. 24 739

v/23 - 14+ (W/P)
W/P = 10.055




5/ r/a 2/ T/P
0. 0. 0. 6.34838
0.08803 0.0B86%2 6-013%91 6.35003
6.17606 0.17380 G.0z812 6.35509
0.26409 1 " 0.26057 [ 0.04293 6.36386
0.35212 3 0.3471Y 0.65866 6.37691
' 0.44015 § " 0.a3355% 0-07565 6.39591
0.525:8 0.519690 0.09427 6.4.921
0.61621 0.6054%5 0.11487 6.45081
0.70424 0.69010 J.13784 6.49139
0.79227 0.7743% 0.16357 6.54278
0.880630 0.85749Y £.19245 6.60705
0.96B833 0.9393¢2 0.22488 6.5686S0
1.05636 1.0194% 0.26125 6.78360
1.1443% 1.09755 N.30189 6.90089
1.23242 1.17305 0.34713 7.24092
" T1.32045 T 4774548 T T0.39722 7.20603 |

1.40848 1.351404 G.43253 7.39827

R T I 5 1.37823 0.51253 7.61915
1.0, 454 1,48731 0.57776 7.86945
1.672>7 1.47053 0.647384 8.14906
1.76060 1.58721 0.72264 8.45685

—  1.84863% 1.57665 0.80108 &.79057
1.93666 1.60837 0.88318 9.14687

T T 2.02469 1.63178 0.96800 9.52137
2.11272 1.64655 1.05474 9.90888
2-20075 1.65244 1.14254 10.30354
2.28878 | 1.69937 |  1.23048 10.69918

[ T2.37681 1.63739 | 1731765 11.08960
2.4A484 1.61¢60 1.40317 11.46882

2. 55287 1.5075% 1.486¢1 11.83137 |
2.64G90 1.5504¢ 1.56599 12.17253
2.72893 1.50583 1.684584 12.48846
2.R1696 1.4>433 1.71325 12.77630

T 2.9049% |  1.39€57 | 1.779%58 1303323 |
2.99302 1.335320 1.84066 13.26145

TT¥.0810% 1.26493 1.89616 13.458¢07
Z.16908 1.15240 1.94693 - 13.62587
3.os711 1.11628 1.99021 13.76410
3.3¢514 1.08717 2.02878 | 13.87736
3. 43317 0.9558% 2.06194 1396747
3.5212¢ D.57219 2.08993 14.03725

7T 360523 0.78727 2.113537 I4. 08966
3.66726 0.70125 2.13175 14.12761%
J.78529 0.51445 Z2-14838 i4.1
3.87332 8.5¢713 2.15742 16.17113

T TTIHEISS 0.39945 |7 T Z 16335 | 172.1816%F
4.04938 0.35159 2.17967 14.18742
I {3731 $.25352 1 2 1735 ) T I4.1%016
4.22544 5.1/561 2.175%6 14.19118
4.313%7 0.087506 ~2-17617 14.15142
4.40195 0.U0000 2-17626 14.19143

Zero Circumferential Stress
Zero Superpressure
Flat Top

Z = (.80

Qo = 80.937

A/ 2. 27,450

v/x3 - 14 (W/P)

W/p = 11.901




8/\ r/a z/x T/P
0. 0. Ue 7.12776
0.09250 0.09158 0.01303 7.12949
0.18500 0.18311 5.02638 7.13481
T p.27750 1 T 0.Z7454 9.04036 7.14411
0.37000 |  0.36581 _0.05542 | 7.15806 |
T 0.46250 0.34°684 “0.07182 7.17762
0.5550¢C 9.54754 U.08999 7.26408
0.64750 0.63778 0.11032 7.23900
0.74000 . 0.72739 0.13322 7.28431
0.83250 0.81619 |  0.15912 7.34223
1 0.92560 G.90392 0.18843 |  7.41523
1.01730 0.99026 "i.22158 7.50624
1.11000 1.07486 0.25897 7.61810
1.20250 1.1572% 0.50099 7.75394
1.29500 1.29692 0.34796 7.91682
1.3R758 1.31326° " u.40C15 - B8.10957 |
1.4R0U0 1.36562 | 0.45774 B.33464
1.572506 | < 1.45328 I 70.52078 T 8.59380
1.66500 1.51547 0.58921 8.88797
1.75750 1.27143% 0.66232 9.216397
1.85000 | 1.62044 0.74123 9.57937
1.94250 1.66176 | " 8.82394 | 9.97241 |
2.03500 1.69486 9.91029 10.39203
2.127560 ] " 1.71917 T0.9994¢9 10.683298
2.22900 1.75433 1.09679 11.28902
2.3125¢0 1.749013 1.18298 11.75320
2.4n500 L 1.,7564Y 1.27537 12.21823
2.49750 | 1.7¢340 1-36691 1 12.67678 |
2.56000 1.70126 1.45667 13.12184
2.62250 1.87026 T T1.54377 7 13.5&4704
2.77500 1.55087 1.62743 13.94687
2.86750 1.58366 1.70633 14.31689
2.96000 1.52923 1.78168 14.65382 |
3.05256 | @ i.4€825 7 1.85128 " 14.95559
3.14500 1.40146 1.91514 15.22129
3.23750 T1.3Eess T 1.97325 T 15.45113
3.33000 1.25317 2.92542 15.64626
3.42250 L.17308% 2.07163 15.80867
3.%1500 1.0b985 2.11199 15.94096
3.60750 1 1.00411 T 2.1465%56 16.54617
3.70000 0.916308 2.17593 16.12764
2.76250 n.8271% 2.20013 16.18881
3.88500 0.75671 2.21966 16.23309
X.97750 0.53549 2.23495 16.26377
4.07000 §.55371 2.24649 15.28388
4.14250 0.4¢159 2.25478 16.29612
4.25500 0.35926 2.26034 16.30287
4.347590 0.2768¢ 2.26372 16.30607
4.44050 ~,15434% 2.26545 16.30725
4,.53250 p.05184 2.26608 16.30752
4.62434 0.44000 2.26617 16.350754

Zero Circumferential Stress
Zerd Superpressure
Fiat Top

Z

I %
virn3 -

w/p

= 0.85

= 81.935

= 30 356
1+ (W/P)
= 13.987




Zero Circurfersntial Stress
Zero Superpressure

s/A r/x z/\ T/P £ = o a0
2. 3. 6o 7.y964i | S, = B8z.81%
0.09702 n,09625 0.G1219 7.99821
0.10404 0.19246 | 0.02473 .. 8.00377
0.29106 T p.28857 0.u3799 5.01356
0.3R80b 0.5b452 |  0.05285 b.02641 |

T n.aru10 | T0.45028° T T T0.ue821 8.04946
0.5821¢ 0.57561 0.08597 6.078295
0.67914 0.67052 0.10607 5.11669
0.77616 |  0.,76480 | 0.12894 | = B.16706
0.87318 0.8582¢ 0.15503 8.23204
0.97020 0.v5056 |  D.18400 | B.31464 |

- 1.06722 1.046147 6.21869 8.41821
1.15424 1.19054 G.57214 8.54630
1.726126 1.2172Y 0.30054 8.70260
1.35828 1.30117 0.54926 8.89075
1.45530 " 71.36154 T 0.40357 T 9.11415
1.95232 1.64577v 0.46354 9.37568
1.624634 1 TT1.52887 | 0.52954 Y.67745
1.74636 1.59425 $6.60118 10.02048
1.84338 1.62303 U.07832 10.90453
1.94046 1.7L444 UL.76056 10.582784
2.03742 1.74774 0.84734 11.28711
2.13444 1.7b6280 6.93796 11.77747
2.23146 | T 1.8U760 "1.93157 12.29268
2.30648 1. 22327 1.12728 12.82536
2.462550 1.82909 1.22448 13.36736
2.57252 1.874G/ _1.32097 13.91009
2.61954 1.01102 T {.41694 14.44500
2.71656 1.76745 | 1.51191 |  14.96394
Z.81358 1.75485 | 1.80228 15.45950
2.91060 1.71308 1.68990 15.92531
3.00762 1.66333 1.77315 16.35625
3.1045%4 1.20605 1.85141 16.74853
3.201%56 | T T1.549154 1.52419 i7.09397¢9
3.208686 1.47174 1.993112 17.40903
2.30574% T 71{.39618 z.051v4 | 17.67651
3.6402/72 1.93607 10654 17.93361
3.589/4 1.¢9194 Z2.15491 18.09263
J.5R676 1.154062 2.197°5 18.24662
3.7R37E" 3.05657 223346 18.36912
I.PRQAY f.9:26% 2.26411 18.46401
3.97782 T 9LBSEIY T TTZ.7892% T 18.53526
4.0748¢ 0.77417 2.50992 18.58692
4.1718¢ 0.57849 Z.9¢596 16.62272 2
4.74888 0.58228 2.33805 18.64619 A/A " = 33.480
£73¢53Y L 4658T T T T2.34877 1" 1866052 v/a3 = 1+ °v/P)
4.44252 0.36877 2.35¢02 183.66842
458554 T[T, 2II81 ¢.35618 i8.67218 | WP = 16.329
4.65696 0.1Y481 2.55801 16.57358
¥, 75398 0.0977% Z-35868 i8.67390
&4 I510y G.o4n77 2.35878 18.67392
4.85177 1 T 6. TGIRG T 7 T2V 3587B T | IRLEIINZ T

Flat Top




.A r/l 8/1 T/P T = 0,95
0. 0. 8. 8.95956 8, = 83.5%2
0.10170 0.10166 0.01141 B.96183
0.20340 6.20207 0.02321  8.96762 |
0.30510 0.3029%99 0.03578 8.97792
9.45688 5.40375 0.064955 8.99369
0.50850 0.50428 0.06492 9.01633
0.61020 0.60448 0.08236 9.04766
0.71190 0.70420 0.10231 9.08996
0.81360 0.80327 0.12524 9.14596
0.91530 0.90148 0.15163 9.21884
1.01706 0.99854 0.18197 9.31218
1.11870 1.09411 9.21672 9.42996
1.22040 1.18775 0.25637 9.57641
1.32210 1.27896 U.30132 3.75591
1.42380 1.36714 0.35195 9.97278
1.52550 1.45161 0.40855 10.23102
1.62720 1.55161 0.47130 10.53402
1.728%0 1.60632 0.54026 10.358423
1.683060 1.67489 0.61532 11.28283
1.93230 1.73647 0.69621 11.72942
2.03400 1.79p822 0.7825% 12.22188
2.13570 1.83535 0.87357 12.75620
2.23740 1.87132 0.96867 13.32659
2.33910 1.89749 1.06690 13.92566
2.44080 1.91349 1.16729 14.54472
2.54250 1.91912 1.26879 15.174186
2.64420 1.91432 1.37033 15.80404
2.74590 1.89919 1.47985 16.42435
2.84760 1.87408 1.56934 17.02566
2.949390 1.83914 1.66483 27.59943
3.05100 1.79512 1.75647 18.13833
3.15270 1.74255 1.34349 18.6364Y
3.25440 1.58213 1.92525 19.08964
3.35610 1.61460 2.00125 19.49510
3.45780 1.54072 2.37110 19.385181
3.55950 1.45128 2.13455 20.169033
3.66120 1.37704 2.19149 20.42171
3.76290 1.25375 2.24190 ~20.63929
3.86460 1.19708 2.28590 20.81648
I.96630 1.10289 2-32370 —20.95718
4.06800 1.00613 2.35559 21.06514
4.16970 0.90792 Z-33196 21.137%0
4.27140 0.80848 2.43322 21.20706

I 3.37310 0.70816 2-41987 21.24801 2
4.47480 £.60724 2.43242 21.27483 A/AC = 36.792
T 4.575650 0.50595 Z. 44144 T1.29144 w23« 1+ (W/P)
4.57820 0.40443 2.44748 £1.39012
4.779%0 0.30280 5.45114 21.20436 = 18.942
4.88160 0.20112 2.45302 21.30593
4.98330 0.09942 2.45371 Z1.30629
5.08272 0.00009 2.45360 21.30631

Zero Circumferential Stress

Zero Superpressure

Flat Top




s/\ r/a 2/ T/p
. 0. . 0. 10.02816
0.10640 0.10586 0.01068 10.93009
0.21280 0.21168 0:.02177 10.03610
T 0.31920 0.31741 0.03369 1i0.04688
___0.42560 0.42299 0.64690 10.06357
0.53200 0.52833 0.U6185% 10.08782
0.63b40 0.6¢334 1 0.078va 10,12180
: 0.74480 0.6275/7 : 0.99880 10.16617
 0.85120 0.,84175 0.12182 10.23037
0.95760 0.94474 0.14852 10.31152
1.06400 1.04654 0.17943 10.41645
1.17040 1.14679 0.21506 10.54964
1.27680 1.24503 0.25588 16.71606
1.33320 1.3407¢ 0.30236 10.92087
1.48960 1.43323 0.35488 11.16911
1.59600 1.52184 0.41374 11.46549
1.70240 1.60574 0.47914 11.81396
1.86880 1.66405 0.55312 12.21736
1.91520 1.75589 1.62955 12.677062
2.02160 1.02039 0.71416 13.19244
2.126800 1.87657 0.80445 13.76185
2.23440 1.92373 0.89977 14.37812
 2.34080 1.96118 0.99932 15.03686
2.44720 1.9b834 1.10215 15.72860
2.55360 2.0U464 1.20721 16.44321
2.66000 2.3154¢€ 1.31342 17.16956
2.76640 2.00514 1.41964 i7.689608
2.87280 1.5890¢ 1.52476 18.61126
2.97920 1.96236 1.62772 19.30424
3.08550 1.92560 1.72753 19.96518
3.19200 1.87929 1.82327 20.58371
3.29840 1.82406 1.91417 21.15911
_3.40480 1.76564 1.99955 221 .68052
3.%51170 1.56980 Z-07890 22.14692
3.617%0 1.61236 2.15182 22.55713
3.72400 1.5291¢ 2.21865 22.91160
3.83040 1.44089 2.27746 23.2122%
3.93680 1.54843 2.330U7 23.46234
4.04320 1.2°247 2.37598 23.66586
4.34960 1.153¢47 2.41542 23.82762
4.25600 1.0%262 2.445869 23.95278
4.352%0 0.9%985 2.47619 24.04570
| 4.46880 0.84579 2.4983% 24.11455
— 4.%75¢0 |  0.79%)383 2.51572 24.15168
4.68150 0.53524 2.52881 24.15246
4. 7REN0 Do2892% | <2.53820 24.21115%
4.85440 0.42225 2.54450 24.22148
T 5. 00080 | 0.31&72 |  2-54831 4 .22635
5.10720 0.21034 2.5502% 24.22814
5.21350 0.2039% 2.55096 | 24.33B55
£.31754 0.00080 2.55196 24.22857

Zero Circumfereatial Stress
Zero Superpressure

Flat Top

1. 00
84. 277

A/A 2. 40317
v/ I (W/P)
W/P = 21.849




